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Summary  Compared  to  routine  isolated  colony-based  methods,  direct  testing  of
bacterial  pellets  from  positive  blood  cultures  reduces  turnaround  time  for  reporting
of  antibiotic  susceptibility.
The  aim  of  this  study  was  to  compare  the  accuracy,  and  precision,  of  a  rapid
method  for  direct  identiﬁcation  and  susceptibility  testing  of  blood  cultures  with  the
routine  method  used  in  our  laboratory,  using  Vitek  2.  A  total  of  60  isolates  were
evaluated  using  the  candidate  and  the  routine  method.  The  candidate  method  had
100%  accuracy  for  the  identiﬁcation  of  Gram  negative  bacteria,  Staphylococcus  and
Enterococcus,  50%  for  Streptococcus  and  33.3%  for  Corynebacterium  species.  Sus-
ceptibility  testing  of  Gram  negative  isolates  yielded  98—100%  essential  agreement.
For  Staphylococcus  and  Enterococcus  isolates,  essential  agreement  was  100%  for
17  antibiotics  except  for  moxiﬂoxacin.  Direct  testing  of  blood  culture  samples  with
Vitek  2  produced  reliable  identiﬁcation  and  susceptibility  results  18—24  h  sooner  for
aerobic/anaerobic  facultative  Gram-negative  bacteria  and  Gram-positive  Staphylo-
coccus  and  Enterococcus  strains.Please  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
tive  blood  cultures  using  high  speed  cold  centrifugation  
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Introduction
Accurate  and  timely  identiﬁcation  of  the  causative
agents of  bloodstream  infections  and  determina-
tion of  antibiotic  susceptibility  proﬁles  are  vital
in guiding  effective  targeted  antimicrobial  treat-
ment choices  [4,15,23]. Beneﬁts  for  patients  and
the healthcare  system  include  decreased  mor-
bidity and  mortality,  fewer  laboratory  tests  and
procedures,  reduced  time  to  optimal  antibiotic
therapy, shorter  hospital  and  intensive  care  unit
stays and  reduced  costs  [5,9,17,18,23].  Standard
protocols for  microbial  identiﬁcation  and  antimi-
crobial susceptibility  testing  (AST)  involve  blood
culture  in  liquid  medium  using  commercial  systems,
Gram  staining  and  overnight  sub-culturing  of  signal-
positive  samples  on  solid  medium  to  obtain  isolated
colonies  [4,20,21]. The  isolated  colonies  are  then
used for  identiﬁcation  and  susceptibility  testing.
Increasing rates  of  antibiotic  resistance  contribute
to use  of  empiric  broad-spectrum  antibiotics  by
clinicians;  there  is  little  choice  but  to  administer
an empiric  therapy  before  the  etiological  agent  of
infection has  been  identiﬁed  [6,8,18].
Automated  systems,  such  as  Vitek  2  (bioMérieux)
and BD  Phoenix  (BD  Diagnostic  Systems)  sys-
tems,  expedite  the  reporting  of  AST  proﬁles
[5,11,14,16,24]. Direct  application  of  AST  to  blood
culture, without  the  need  for  overnight  cul-
turing of  isolated  colonies,  further  reduce  the
turnaround time  for  reporting  of  AST  results.
Rapid direct  microbial  identiﬁcation  from  blood
cultures,  for  example  by  Matrix-Assisted  Laser
Desorption/Ionisation  Time  of  Flight  Mass  Spec-
trometry  (MALDI-TOF-MS)  [12,21,23]  serves  the
same purpose.  Various  direct  blood  culture  test-
ing methods  have  yielded  microbial  identiﬁcation
and AST  results  with  comparable  accuracy  and
error rates  to  routine  isolated  colony-based  meth-
ods, with  reduced  inappropriate  antimicrobial  use
and lower  cost  [9,12,19,22,23].  Few  studies  sug-
gest that  the  combination  of  direct  use  of  AST
systems is  more  reliable  for  Gram-negative  than
Gram-positive  bacteria  [1,5,10].
The Vitek  2  automated  AST  system  is  reliable  in
bacterial  identiﬁcation  and  AST  [8,12]  and  provides
promising  results  in  direct  testing  of  positive  blood
cultures  [1,5,9,11,12,19,20].
In  this  study,  we  tested  bacterial  identiﬁcation
accuracy and  AST.  We  used  a  modiﬁed  method,
involving direct  identiﬁcation  and  susceptibility
testing from  positive  blood  culture  broths  withPlease  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
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Vitek 2,  with  reduced  centrifugation  and  wash
times versus  the  existing  routine  method  of  test-
ing isolated  colonies  from  overnight  cultures.  The
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im  was  to  validate  a  new  Vitek  2-based  direct
lood sample  testing  system,  designed  to  expedite
ST.
aterials and methods
amples
 total  of  60  isolates  from  100  blood  cultures
ere evaluated  using  the  direct  identiﬁcation  and
usceptibility  testing  compared  with  routine  test-
ng. For  direct  blood  culture  testing,  50  l  Triton
10%  v/v)  was  added  to  1  ml  blood  culture.  The
amples  were  vortexed  and  incubated  at  room
emperature for  5  min  before  centrifugation  at
3,000 ×  g  at  4 ◦C  for  1  min.  The  supernatant  was
iscarded and  the  pellet  was  re-suspended  in
00 l  of  distilled  water  before  centrifugation,
t 13,000  ×  g  at  4 ◦C  for  1 min.  The  supernatant
as discarded  and  the  bacterial  pellet  was  re-
uspended  in  100  l  normal  saline  (0.45%  w/v).
rom this  pellet,  a 3  ml  suspension  was  prepared
nd adjusted  to  a 0.5  McFarland  standard  using  the
itek 2 densitometer,  for  identiﬁcation  and  suscep-
ibility tests.
For routine  testing,  positive  blood  cultures  were
lated  on  blood  agar,  chocolate  agar,  and  eosin
ethylene  blue  (EMB)  agar  solid  media  at  35 ◦C  with
% CO2 for  18—24  h,  to  obtain  isolated  colonies,
hich were  adjusted  to  a 0.5  McFarland  standard
or identiﬁcation  and  susceptibility  tests.
itek 2
he  Vitek  2  Compact  60  (AES  software)  Gram-
egative Identiﬁcation  test  (GNI)  card  or  Gram-
ositive  Identiﬁcation  test  (GPI)  cards  were  used  to
dentify the  bacteria  (bioMérieux.  Marcy  l’Etoile,
rance). N291  (Gram  negative)  or  GPS67  (Staphylo-
occus/Enterococcus)  sensitivity  cards,  were  used
o determine  antibiotic  sensitivities.  Strict  anaero-
ic organisms  were  not  evaluated  for  identiﬁcation
ue to  the  limited  number  of  anaerobic  isolates
rom blood  culture  in  our  institute.  Cards  were  inoc-
lated with  the  suspension  vials  at  the  Smart  Carrier
tationTM and  loaded  into  the  Vitek  2  automated
eader-incubator.  Identiﬁcation  and  susceptibility
ards were  inoculated  and  interpreted  accord-
ng to  the  manufacturer’s  instructions  [3]. Colony
ounts were  performed  to  verify  that  the  num-
er and  density  of  microorganisms  inoculated  intoect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J  Infect  Public  Health  (2016),
he Vitek  cards  was  appropriate.  Table  1  shows
he concentration  ranges  of  the  used  antimicrobial
gents.
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Table  1  Concentration  ranges  of  the  used  antimicro-
bial  agents.
Antimicrobial  agent  Concentration
range  (g/ml)
Gram  negative  sensitivity  card  (N291  card)
Amikacin  2—64
Amoxicillin/clavulanate  2/1—32/16
Ampicillin  2—32
Cefepime  2—64
Cefalotin  2—64
Cefoxitin  2—64
Ceftazidime  2—64
Ceftriaxone  2—64
Ciproﬂoxacin  0.25—4
Gentamicin  1—16
Imipenem  0.25—16
Meropenem  0.25—16
Nitrofurantoin  16—512
Piperacillin/tazobactam  4/4—128/4
Tigecycline  0.5—8
Trimethoprim/sulfamethoxazole  1/19—16/304
Gram  positive  sensitivity  card  (GPS67  card)
Ampicillin  0.5—32
Benzylpenicillin  0.125—64
Cefoxitin  Screen  for  MRSA  6
Clindamycin  0.25—2
Erythromycin  0.25—2
Gentamicin  8—64
Levoﬂoxacin  0.25—8
Linezolid  0.5—2
Moxiﬂoxacin  0.25—8
Nitrofurantoin  16—128
Oxacillin  0.5—2
Quinupristin  0.25—2
Rifampicin  0.25—2
Tetracyclin  0.5—2
Tigecycline 0.5—8
Trimethoprim/sulfamethoxazole 1/19—16/304
Vancomycin 1—16
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2ata analysis
esults  of  direct  blood  cultures  were  compared
o results  of  the  routine  blood  culture  method.  A
otal of  60  isolates  were  evaluated  for  identiﬁcation
ccuracy, and  susceptibility  essential  agreement
EA), complete  agreement  (CA;  sensitive,  interme-
iate,  or  resistant),  minor  error  (MinE),  major  error
ME), and  precision.
EA for  an  isolate  meant  that  minimum  inhibitory
oncentrations  (MIC)  obtained  for  the  test  directPlease  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
tive  blood  cultures  using  high  speed  cold  centrifugation  
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lood  culture  method  was  within  ±1  twofold  dilu-
ion of  the  currently  used  routine  method  [2]. CA
as deﬁned  as  the  MIC  from  the  test  direct  blood
t
w
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ulture  method  being  in  the  same  susceptibility  cat-
gory as  the  currently  used  routine  method  [2].
esults were  deﬁned  as  MinE  or  ME;  as  recom-
ended by  the  FDA/CLSI,  when  comparing  a test
ST system  to  the  existing  routine  system  within  a
aboratory,  rather  than  against  a  reference  method
2]. A  MinE  would  be  generated  if  one  method  gave
n intermediate  result  while  the  other  reported  as
ither susceptible  or resistant,  while  a ME  would
e generated  if  one  method  gave  a susceptible
esult while  the  other  gave  a  resistant  result  [2].
ased on  the  American  Society  of  Microbiology  Press
DA/CLSI-approved  criteria,  the  overall,  ME  had
o be  less  than  ≤5%  to  be  considered  acceptable,
he overall  EA  (the  within  1-dilution  agreement)
nd CA  (agreement  of  interpretive  results  between
he test  and  existing  routine  AST  system  results)
ad to  be  ≥90%,  and  the  overall  precision  essen-
ial agreement  (PEA)  (agreement  within  +/−1  two
old dilution  of  the  precision  test  isolate  antibi-
tic MIC)  and  precision  categorical  agreement  (PCA)
agreement  with  the  interpretative  results  of  the
recision test  isolate  using  CLSI  criteria)  had  to  be
95% [2].  Both  ME  and  MinE  had  to  be  combined
10%. EA,  CA,  MinE  and  ME  were  calculated  as  fol-
ows (in  each  case  total  was  calculated  for  each
rug) [2]:
Essential agreement  (EA)  and  precision  essential
greement (PEA)  =  number  of  comparisons  within
1 well/total  tested  ×  100
Categorical  agreement  (CA)  and  precision  cat-
gorical  agreement  (PCA)  =  number  of  categorical
esult match/total  tested  ×  100
Categorical  result  refers  to  sensitive,  intermedi-
te, or  resistant
Major error  (ME)  = number  of  ME  discrepan-
ies/total  number  of  resistant  organisms  tested  by
oth methods  ×  100
Minor Error  (MinE)  =  number  of  MinE  discrepan-
ies/total number  of  organisms  tested  ×  100
To assess  the  precision  of  microbial  identiﬁ-
ation and  susceptibility,  ﬁve  blood  culture  vials
ith ﬁve  different  known  isolates  (Escherichia  coli,
lebsiella  pneumoniae, Pseudomonas  aeruginosa,
taphylococcus aureus,  and  Enterococcus  faecalis)
ere run  in  triplicate  daily  for  ﬁve  consecu-
ive days.  Acceptable  precision  results  had  to  be
bove 95%,  including  both  precision  essential  agree-
ent (PEA)  and  precision  categorical  agreement
PCA).
For identiﬁcation  of bacteria,  the  Vitek
 Gram-Negative  Identiﬁcation  test  (GNI)  andect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J Infect  Public  Health  (2016),
he Gram-Positive  Identiﬁcation  test  (GPI)  cards
ere used  in  both  the  routine  and  the  proposed
est methods.
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Table  2  The  number  and  percentage  of  isolates  correctly  identiﬁed  from  direct  blood  culture  compared  to  the
routine  method  of  identiﬁcation.
Organism  Number  of
isolates
Number  (%)  of  isolates  correctly  identiﬁed  from
direct  blood  culture  compared  to  the  routine
method  of  identiﬁcation
Gram  negative
Escherichia  coli  5  5  (100)
Klebsiella  pneumoniae  5  5  (100)
Pseudomonas  aeruginosa 5 5  (100)
Acinetobacter  baumani 5  5  (100)
Proteus  mirabilis 3  3  (100)
Enterobacter  cloacae 3 3  (100)
Aeromonas  species  2  2  (100)
Stenotrophomonas  maltophilia  2  2  (100)
Subtotal  30  30  (100)
Gram  positive
Staphylococcus  aureus 15  15  (100)
Enterococcus  faecalis 4 4  (100)
Streptococcus  pneumoniae 4  2  (50)
Corynebacterium  species 3 1  (33.3)
Streptococcus  viridians 4  2  (50)
Subtotal  30  24  (80)
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DTotal  60  
Results
A  total  of  60  isolates  from  100  patient  blood  cul-
tures were  evaluated  by  the  routine  method  of
testing  from  overnight  cultures  as  compared  to
the proposed  modiﬁed  method,  direct  identiﬁca-
tion and  susceptibility  testing  from  positive  blood
culture  broths,  using  Vitek  2.  Of  the  60  isolates,
30 Gram  negative  and  30  Gram  positive  strains
were identiﬁed;  Table  2  shows  a  complete  list  of
the identiﬁed  organisms.  On  average,  using  the
direct blood  culture  method,  microbial  identiﬁca-
tion results  were  available  within  6—8  h  and  AST
results within  8—9  h,  which  are  18—24  h  earlier  than
for the  routine  culture  and  susceptibility  method.
For Gram  negative  isolates  identiﬁcation,  the
direct blood  culture  method  yielded  100%  accu-
rate results  (Table  2)  when  compared  with  the
results from  the  standard  identiﬁcation  method.
For the  30  Gram  negative  isolates’  AST,  essen-
tial agreement  (EA)  was  100%  for  14  of  the
16 antimicrobials  tested,  and  98%  EA  for  cefepime
and ceftriaxone  (Table  3).  Categorical  agreement
(CA) was  100%  for  11  of  the  antimicrobials  tested
and  98%  for  cefepime,  ceftazidime,  ceftriaxone,
nitrofurantoin  and  trimethoprim-sulfamethoxazolePlease  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
tive  blood  cultures  using  high  speed  cold  centrifugation  
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(Table  3).  In  terms  of  the  interpretive  errors,
no MEs  were  observed.  MinEs  were  observed  for
cefepime, ceftazidime,  ceftriaxone,  nitrofurantoin
and trimethoprim/sulfamethoxazole  (Table  3).  The
T
i
m54  (90)
ombined  ME  and  MinE  rate  was  1.04%  (5/480).
recision essential  agreement  (PCA)  and  preci-
ion categorical  agreement  (PCA)  were  99.17%
nd 99.6%,  respectively,  for  all  drugs  combined
Table  4).
For 19  Staphylococcus  aureus  and  Enterococcus
aecalis, the  direct  blood  culture  method  identiﬁ-
ation  yielded  100%  accurate  identiﬁcation  results
Table  2).  For  eight  alpha  hemolytic  Streptococcus
S. pneumoniae  and  S.  viridians) and  Corynebac-
erium species,  microbial  identiﬁcation  accuracy
as 50%  for  Streptococci  and  33.3%  for  Corynebac-
erium species  (Table  2).  Given  this  low  accuracy
<90%) [2],  Streptococcus  and  Corynebacterium
pecies isolates  were  excluded  from  further  AST
creening.
For Staphylococcus  and  Enterococcus  isolates’
ST, EA  and  CA  were  100%  for  17  antimicrobials,
ith the  exception  of  moxiﬂoxacin  (75%)  (Table  5).
here were  no  MinEs  for  any  antibiotics,  while  mox-
ﬂoxacin  had  an  ME  rate  of  4%  (Table  5). For  all
ntibiotics used,  PEA  and  PCA  were  98.8%  and  99.6%
Table  6).
iscussionect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J  Infect  Public  Health  (2016),
imely  use  of  appropriate  antimicrobial  therapy
n bloodstream  infections  is  dependent  on  the
icrobial  identiﬁcation  and  AST  by  the  clinical
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Table  3  Performance  of  direct  blood  culture  susceptibility  testing  compared  to  routine  method  for  Gram  negative
isolates.
Antimicrobial  agent  %  Essential
agreement
% Categorical
agreement
Error  rate  (%)
Major  Minor
N291  card  (Gram  negative)
Amikacin  100  100  0  0
Amoxicillin/clavulanate  100  100  0  0
Ampicillin  100  100  0  0
Cefepime  98  98  0  2
Cefalotin  100  100  0  0
Cefoxitin  100  100  0  0
Ceftazidime  100  98  0  2
Ceftriaxone  98  98  0  2
Ciproﬂoxacin  100  100  0  0
Gentamicin  100  100  0  0
Imipenem  100  100  0  0
Meropenem  100  100  0  0
Nitrofurantoin  100  98  0  2
Piperacillin/tazobactam  100  100  0  0
Tigecycline  100  100  0  0
m
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iTrimethoprim/sulfamethoxazole  100  
icrobiological  laboratory.  Improvements  in
urnaround  times  in  determination  of  antibiotic
usceptibility  proﬁles  can  expedite  appropriate
ntimicrobial  treatment  choices,  with  knock-on
eneﬁts including  decreased  morbidity  and  mor-
ality, reduced  numbers  of  laboratory  tests  andPlease  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
tive  blood  cultures  using  high  speed  cold  centrifugation  
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rocedures,  decreased  hospital  and  intensive  care
nit stays,  and  reduced  costs  [4,5,9,15,17,18,23].
urrently, clinicians  are  compelled  to  assign
m
t
s
Table  4  Precision  of  direct  blood  culture  susceptibility  te
isolates.
Antimicrobial  agent  %  Precisi
agreeme
N291  card  (Gram  negative)
Amikacin  100  
Amoxicillin/clavulanate  100  
Ampicillin  100  
Cefepime  93.3  
Cefalotin  93.3  
Cefoxitin  100  
Ceftazidime  100  
Ceftriaxone  100  
Ciproﬂoxacin  100  
Gentamicin  100  
Imipenem  100  
Meropenem  100  
Nitrofurantoin  100  
Piperacillin/tazobactam  100  
Tigecycline  100  
Trimethoprim/sulfamethoxazole  100  98  0  2
atients  with  presumed  bacterial  bloodstream
nfections to  empiric  broad-spectrum  antibiotics.
owever, the  initial  antimicrobial  treatment  used
as been  identiﬁed  as  an  important  determinant  of
urvival in  patients  with  sepsis  [6]  and  bloodstream
nfections [8]. Inappropriate  initial  antibiotic  treat-ect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J Infect  Public  Health  (2016),
ent increases  mortality  [7,9,19]. The  challenge  is
o further  increase  the  utility  of automated  systems
uch as  the  Vitek  2  in  decreasing  turnaround  time
sting  compared  to  routine  method  for  Gram  negative
on  essential
nt
% Precision  categorical
agreement
100
100
100
93.3
100
100
100
100
100
100
100
100
100
100
100
100
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Table  5  Performance  of  direct  blood  culture  method  compared  to  routine  method  for  the  detection  of  antibiotic
susceptibility  testing  for  Gram  positive  Staphylococcus  and  Enterococcus  isolates.
Antimicrobial  agent  %  Essential
agreement
% Categorical
agreement
Error  rate  (%)
Major  Minor
GPS67  card  (Gram  positive  Staphylococcus  and  Enterococcus  strains)
Ampicillin  100  100  0  0
Benzylpenicillin  100  100  0  0
Cefoxitin  Screen  for  MRSA 100  100  0  0
Clindamycin  100  100  0  0
Erythromycin  100  100  0  0
Gentamicin  100  100  0  0
Levoﬂoxacin  100  100  0  0
Linezolid  100  100  0  0
Moxiﬂoxacin  75  75  4  0
Nitrofurantoin  100  100  0  0
Oxacillin  100  100  0  0
Quinupristin  100  100  0  0
Rifampicin  100  100  0  0
Tetracyclin 100  100  0  0
Tigecycline 100  100  0  0
Trimethoprim/sulfamethoxazole 100  100  0  0
E
g
w
b
pVancomycin  100  
of  reporting  AST  results  [5,11,14,16].  One  strategy
is direct  application  of  AST  to  blood  culture,  rather
than testing  colonies  derived  from  18  to  24  h  blood
cultures and  solid  medium  [9—12,19,20,22,23].
In this  study,  we  evaluated  performance  of  a  pro-Please  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
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posed  direct  blood  culture  testing  method  via  Vitek
2, compared  to  our  existing  method  of  identiﬁca-
tion and  AST  from  isolated  colonies.  Furthermore,
centrifugation  times  were  reduced  to  1  min  in  an
m
r
r
t
Table  6  Precision  of  direct  blood  culture  susceptibility  te
isolates.
Antimicrobial  agent  %  Precisio
agreeme
Ampicillin  100  
Benzylpenicillin  100  
Cefoxitin  Screen  for  MRSA  100  
Clindamycin  100  
Erythromycin  100  
Gentamicin  100  
Levoﬂoxacin  100  
Linezolid  100  
Moxiﬂoxacin  86.8  
Nitrofurantoin  100  
Oxacillin  100  
Quinupristin  100  
Rifampicin  100  
Tetracyclin  100  
Tigecycline  93.3  
Trimethoprim/sulfamethoxazole  100  
Vancomycin  100  100  0  0
ppendorf  centrifuge  compared  to  5—10  min  for
el tube  centrifugation  and  two  washing  phases
ere removed,  making  the  method  more  feasi-
le and  easier  for  the  technologists.  Acceptable
erformance for  different  types  of  direct  cultureect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J  Infect  Public  Health  (2016),
ethods in  combination  with  Vitek  2  have  been
eported  in  terms  of  rapid  identiﬁcation  of  bacte-
ia, reduced  antibiotic  use,  rapid  modiﬁcation  of
reatment to  more  effective  therapies  and  reduced
sting  compared  to  standard  method  for  gram  positive
n  essential
nt
% Precision  categorical
agreement
100
100
100
100
100
100
100
100
93.3
100
100
100
100
100
100
100
100
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irect  identiﬁcation  and  susceptibility  testing  of  po
osts  [9—12,19,20,22]. However,  direct  AST  appli-
ation  to  blood  cultures  has  been  shown  in  some
ases to  be  more  reliable  for  Gram-negative  versus
ram-positive  bacteria  [1,5,10]. In  one  study  using
liquots from  culture  ﬂuid  from  160  positive  blood
ulture  bottles  with  Vitek  2  for  microbial  identi-
cation and  AST,  there  was  correct  identiﬁcation
f 89.7%  of  Gram-negative  bacilli  but  only  33.3%
f Gram-positive  cocci  [1]. For  AST,  the  error  rate
as low  for  the  Gram-negative  strains  but  there
as a  high  rate  of  major  errors  for  Staphylococcus
pecies [1].  In  another  study  comparing  the  Vitek-2
ompact  and  Phoenix  systems  for  direct  identiﬁca-
ion and  AST  from  positive  blood  culture  bottles  to
tandard  methods,  100%  of  Gram-negative  isolates
ere correctly  identiﬁed  on  Vitek  2,  compared  to
5% of  Gram-positive  isolates,  although  AST  cate-
orical agreement  levels  were  high  [5].  Similarly,
n a  recent  study  of  direct  testing  of  218  monomi-
robial blood  cultures,  including  81  Gram-negative
nd 137  Gram-positive  isolates,  identiﬁcation  rates
or Gram-negative  rods  for  Vitek  2  was  97.5%  vs.
1.3% for  Gram-positive  cocci,  while  overall  AST
rror rates  were  low  for  Gram-negative  and  Gram-
ositive  bacteria  [10]. Thus,  these  studies  suggest
hat combining  direct  blood  culture  testing  and
itek 2  would  be  effective  for  identiﬁcation  and
ST for  Gram-negative  bacteria,  but  not  for  Gram-
ositive  bacteria.
In this  study,  we  evaluated  30  Gram-negative
nd 30  Gram-positive  isolates  using  a  proposed
irect blood  culture  testing  method.  This  number
f isolates  is  consistent  with  FDA/CLSI  recommen-
ations for  AST  system  veriﬁcation  methods  not
rbitrated  using  a  reference  method  [2]. Consis-
ent with  results  of  others  [1,5,9—12,19,20,22],
e found  that  the  direct  testing  method  per-
ormed well  in  comparison  to  the  routine  isolated
olony method  for  Gram-negative  bacteria,  with
00% EA  for  all  antibiotics  tested,  except  for
efepime and  ceftriaxone  which  each  had  an
A of  98%.  Complete  agreement  was  100%  for
ost antimicrobials  tested,  and  was  98%  for
efepime, ceftazidime,  ceftriaxone,  nitrofurantoin
nd trimethoprim/sulfamethoxazole.  MinEs  were
% for  ceftazidime,  ceftriaxone,  nitrofurantoin  and
rimethoprim/sulfamethoxazole.  All  these  levels
re within  the  combined  FDA/CLSI  interpretive  cri-
eria set  for  comparison  of  a  new  AST  system  under
valuation compared  to  an  existing  routine  AST
ystem [2].  However,  despite  this  conformation  to
DA/CLSI criteria,  and  the  consistency  of  our  Gram-Please  cite  this  article  in  press  as:  Bazzi  AM,  et  al.  Dir
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egative  bacteria  test  results  with  those  of  others
1,5,9—12,19,20,22], we  did  use  fewer  isolates
han in  other  studies  described  above  on  direct
ST application  to  blood  cultures  [1,5,10].  Further
t
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tudies  may  therefore  be  indicated  on  larger  num-
ers of  samples  to  conﬁrm  the  robustness  of  the
esults obtained.
For Gram-positive  bacteria,  the  direct  cul-
ure system  performed  well  in  identiﬁcation  of
9 S.  aureus  and  E. faecalis,  giving  100%  accu-
ate results.  Again,  our  sample  number  was  lower
han that  used  in  other  studies,  suggesting  that
urther  checks  of  the  direct  culture  method  on
arger numbers  of  Gram  positive  bacterial  sam-
les may  be  of  beneﬁt.  Nineteen  Staphylococcus
nd Enterococcus  strains,  including  ten  coagulase-
ositive Staphylococcus  (ﬁve  MRSA  and  ﬁve  non
RSA strains),  ﬁve  coagulase-negative  Staphylo-
occus, and  four  Enterococcus, were  subjected  to
ST. For  all  antimicrobials  tested,  the  direct  test-
ng method  performed  very  well,  with  EA  and  CA  of
00% for  all  17  antimicrobials,  with  the  exception
f moxiﬂoxacin  (75%).  However,  identiﬁcation  of
treptococcus  and  Corynebacterium  species  using
he direct  method  was  problematic.  For  eight
lpha hemolytic  Streptococcus  (S.  pneumoniae  and
. viridans),  the  microbial  identiﬁcation  preci-
ion was  50%,  while  for  three  Corynebacterium
pecies  (Gram  positive  bacilli),  the  precision  was
3.3%. This  lower  reliability  of  direct  blood  culture
ethods  for  some  Gram-positive  bacteria  is con-
istent  with  previous  studies  [1,5,10],  although  we
bserved high  identiﬁcation  precision  for  Staphylo-
occus, in  contrast  to  Chen  et  al.  [1].
Other methods  for  direct  blood  culturing  have
lso encountered  difﬁculties  in  identiﬁcation  of
treptococcus.  For  example,  while  the  peptide
ucleic acid  ﬂuorescence  in  situ  hybridisation
ased-QuickFish  method  and  the  Verigene  Gram-
ositive  Blood  Culture,  which  uses  array-based
anoparticle  technology,  both  had  high  concor-
ance with  routine  methods,  neither  were  useful
n distinguishing  between  S. pneumoniae  and
. viridians  [13]. Meanwhile,  MALDI-TOF-MS  had
0.1% and  87.7%  concordance  at  the  genus  and
pecies  levels  respectively  with  routine  methods
12]. Recently,  use  of  a  new  automated  PCR  assay,
he GenomEra(TM) S.  pneumoniae, has  emerged  as
 promising  test  for  rapid  and  reliable  direct  detec-
ion of  S.  pneumoniae  in  blood  cultures,  correctly
dentifying all  37  S.  pneumoniae  isolates  and  giving
egative  results  for  all  53  non-S.  pneumoniae  [7].
In conclusion,  direct  testing  of  blood  culture
amples with  Vitek  2  gave  a  favourable  perfor-
ance for  microbial  identiﬁcation  and  AST  for
erobic/anaerobic facultative  Gram-negative  bac-ect  identiﬁcation  and  susceptibility  testing  of  posi-
and  Vitek  II  system.  J Infect  Public  Health  (2016),
eria and  for  Gram-positive  Staphylococcus  and
nterococcus  strains,  compared  to  the  existing  rou-
ine method  used  in  our  facility.  AST  results  were
vailable  on  average  18—24  h sooner,  which  would
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8  
facilitate  timely  application  of  appropriate  antimi-
crobial  treatment  choices  by  clinicians  and  reduce
time to  optimal  antibiotic  therapy  [4,15,23]. How-
ever, accuracy  levels  for  identiﬁcation  of  alpha
and beta  hemolytic  Streptococcus  and  Corynebac-
terium species  were  unacceptably  low  for  the
direct blood  culture  method.  Based  on  the  results
of this  study,  in  ﬁeld  conditions,  the  direct  test-
ing of  blood  culture  samples  with  Vitek  2 could
be conﬁdently  applied  to  identiﬁcation  and  AST
of Gram-negative  bacteria  and  of  Gram-positive
Staphylococcus  and  Enterococcus  strains  without
further  recourse  to  sub-culturing.  This  would  help
expedite  appropriate,  targeted  antibiotic  treat-
ment where  these  bacteria  are  identiﬁed.  However,
the method  did  not  yield  acceptably  reliable  results
for Gram-positive  Streptococcus  and  Corynebac-
terium species,  suggesting  that  use  of  routine
sub-culturing should  be  retained  in  order  to  con-
ﬁrm or  rule  out  the  presence  of  these  species.  In
the future,  consideration  could  be  made  of  methods
which  can  be  applied  to  direct  culture  for  iden-
tiﬁcation of  Streptococcus,  such  as  the  QuickFish
method,  Verigene  Gram-Positive  Blood  Culture
or the  automated  PCR  assay,  the  GenomEra(TM)
S. pneumoniae,  in  order  to  make  use  of  the  direct
cultures to  help  expedite  initiation  of  treatment  for
Streptococcus  [7,12,13]. However,  these  methods
are currently  expensive  and/or  have  limitations  as
outlined above,  and  cannot  be  used  for  identiﬁca-
tion of  Corynebacterium  species.  Thus  adoption  of
a combination  of  direct  testing  and  continued  sub-
culturing  seems  to  be  the  optimal  way  to  progress
at present.
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